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To Specimens were heat treated as noted in Table 2 . Results and Discussion Table 5 and Fig.  2 , respectively. A needle, or platelet, shaped phase was observed in heat 4 and alloy 909. These two heats had hardness values which were lower than those of heat 6-1 and alloy 903. The phase is supposed to be the E: phase, which has a DO19 hexagonal Ni3Sn-type structure and is optically similar to the 6 phase in alloy 718 (4).
The C phase seems to reduce the amount of gamma prime phase and results in lower hardness values. On the other hand, no strange phases except Laves phase were observed in heat 6-l and alloy 903, and they had higher hardness values than heat 4 and alloy 909. The reason may be due to the existence of Al which stabilizes the gamma prime phase at high temperature.
.
As a result of these experiments, it was found that heat 6 was an alloy with a lower coefficient of thermal expansion than alloy 903 and alloy 909. Heat 6 also had good rupture properties and good gamma prime stability at high temperature.
Heat 6 was designated alloy A, and additional evaluation tests were conducted (see expanded mechanical properties evaluation section).
Development Of A Hiqher Strenqth Low Expansion Superalloy Alloy Desiqn
Alloy A has some margin in thermal expansion when compared to alloy 903 and alloy 909.
The addition of Cr is known to result in a marked increase in thermal expansion for alloy 903 (7), but it is supposed to improve high temperature tensile strength by solid solution strengthening the gamma matrix.
Furthermore, it increases high temperature oxidation resistance. Therefore, Cr was added to alloy A to obtain high temperature strength greater than alloy 903 and alloy 909 while maintaining an equivalent CTE.
The effect of Cr on mechanical properities and thermal expansion was studied by evaluating heats 7-l and 8 in Table 1 . Heat 7 has higher Cr and a higher Co/(Co+Ni) ratio than heat 8. Both have Si levels which are less than alloy A because of the expected improvement in SAGBO behavior from the additon of Cr (7).
Both have the same amount of Al, Ti and Nb, and should precipitate Table 6 shows Vickers hardnesses, The CTE were nearly the same as alloy 903 and alloy 909 in Table 2 , in spite of the Cr addition. Heat 7-l had good rupture strength and ductility. Heat 8 failed in the notch at a lower net section stress than heat 7-l. This result is due to the decrease in Laves phase and accompanying larger grain size for heat 8, as shown in Fig. 3 .
This figure also shows that the gamma prime precipitation hardening phase in these alloys is stable like alloy A in Fig. 2 .
As a result of these experiments, it was found that heat 7 was an alloy with good high temperature strength and ductility, and a CTE similar to alloy 903 and alloy 909. Heat 7 was designated alloy B, and additional evaluation tests were conducted, as discussed in the next section. In Fig. 5 
